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Cytosohc extracts of trout and turkey erythrocytes were tested for their lmmunoreactlvlty with polyclonal and monoclonal antlbodles to retmal 
arrestm (S-antigen), a cytosohc protem of photoreceptor cells involved m the desensltlzatlon of rhodopsm After adsorption or lmmunoaffimty 
chromatography of the extracts, these antibodies specifically recognized a protem having a molecular weight slmdar to that of retinal arrestm 
Because the G-protem-medlated transduction systems, such as visual and P-adrenerglc systems, display a high degree of structural and functlonal 
homology, the presence of arrestm-hke protems m non-photosensltlve cells suggests that these protems are Involved m the transduction of chemical 
signals, with a possible role m receptor desensltlzatlon 
Arrestm, Retmal S-antigen, Erythrocyte, /%Adrenerglc transduction, Phototransductlon, (Trout, Turkey) 
1. INTRODUCTION 
The transduction of many external stimuli as dif- 
ferent as hormones, drugs or light into intracellular 
signals involves three identifiable components: a mem- 
brane receptor, which specifically recognizes and binds 
the stimulus, a GTP binding regulatory protein (G- 
protein) and an effector enzyme. These G-protein- 
mediated transduction systems display a high degree of 
structural, functional and regulatory homology [ 11. For 
example, the light receptor R and PAR share extensive 
amino acid sequence and three-dimensional homology; 
the kinship of G-proteins from the two systems is 
revealed by their possible interchangeability; desen- 
sitization in the visual and hormonal systems involves 
receptor phosphorylation by specific cytosolic kinases 
(R kinase and PAR kinase, respectively), but PAR 
kinase is also capable of phosphorylating R in a hght- 
dependent fashion, and alternatively R kinase can 
phosphorylate @AR. 
Desensitization of rhodopsin, however, in addition 
to be initiated by kinase-mediated phosphorylation, 
needs for completion the subsequent binding of a 
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cytosolic 48 kDa protein, variously termed ‘S-antigen’, 
‘48K protein’ or ‘arrestin’. The 48K protein-rhodopsin 
complex blocks the activation of the effector enzyme by 
the G-protein, transducin, thereby arresting photo- 
transduction [2] (thus the name arrestin) [3]. This 48K 
protein has been identified [4] as a previously described 
protein, abundant in the cytosol of photoreceptor cells, 
and having autoantigenic properties (thus the name S- 
antigen) [5]. Because this abundant protein induces 
autoimmune ocular inflammatory disease in laboratory 
animals [5-81, much information has been ac- 
cumulated during the last 10 years concerning its struc- 
ture. Moreover, due to its strong antrgenic properties, 
several laboratories have successfully prepared mono- 
clonal antibodies directed against well-defined an- 
tigenic sites of this protein. In part because of its 
regulatory role in phototransduction, but also with its 
immunocytochemical detection restricted to vertebrate 
and invertebrate photoreceptors [9, lo], arrestin is con- 
sidered to be a specific marker of photosensitive cells 
and of photoreceptor-derived cells of the pineal gland 
[5,Yl]. However, taking into account the strong struc- 
tural and functional homologies shared by visual and 
hormonal transduction systems which involve G- 
proteins, the possibility arises that arrestin-like proteins 
could be present in non-photosensitive cells and could 
control the &adrenergic transduction system. This 
hypothesis is supported by two sets of experimental 
data. Firstly, it has been recently shown that m a 
reconstituted system, retinal arrestin potentiates the 
desensitization of ,&adrenergic receptor purified from 
hamster lung [12]. Secondly, the presence of arrestm- 
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like protein in non-photosensitive cells is suggested by 
the detection of specific immunological reactivity in 
histological preparations of quail choroid plexus [13] 
and human cellular medulloblastoma cells [14]. 
Moreover, using immunofluorescence with mono- 
clonal antibodies to arrestin on sections of fish, amphi- 
bian and avian organs, we observed in some specimens 
a positive immunoreactivity of the nucleated erythro- 
cytes retained in the blood capillaries, suggesting that 
the S-antigen could also be present in nucleated ery- 
throcytes. A recent observation that stimulation of fish 
erythrocytes by ,&adrenergic catecholamines or by 
phorbol ester induces the phosphorylation of a cyto- 
solic 48 kDa protein [ 151 appears as an additional argu- 
ment since it has been shown that retinal arrestin can be 
phosphorylated by the retinal protein kinase C [16]. 
The data presented in this study demonstrate, in 
cytosolic extracts of trout and turkey erythrocytes, the 
presence of a protein having a molecular weight similar 
to that of retinal arrestin and which specifically reacted 
with polyclonal and monoclonal antibodies directed 
against several epitopes of retinal arrestin. 
2. MATERIALS AND METHODS 
2.1 Preparation of erythrocytes 
The soluttons used were (m mM)* Solutton A: NaCl 145, KC1 4, 
CaClr 5, MgSO., 1, Hepes 15, pH 7 5 Lys~s solution B. KC1 4, 
MgS04 1, CaC12 5, Hepes 15, EDTA 1, PMSF 1, TPCK 0 1, pH 7 5. 
Solution C NaCl 10, KC1 4, CaC12 5, MgS04 1, Hepes 15, PMSF 1, 
TPCK 0.1, pH 7 5 Freshly drawn trout or turkey blood was washed 
4 times m solutton A and the buffy coat of leukocytes was carefully 
removed from the red blood cell pellet after each sedrmentatton The 
erythrocytes were suspended at 15% (v/v) m solutton A + 5 mM 
glucose 
2.2 Processmg of lys~s and fractrons 
After overnight storage at 4”C, the suspension was centnfuged and 
the erythrocytes were hypotomcally lysed at 0°C by dtlutmg 1 ml of 
compact cells mto 10 ml of solutron B. Insoluble material was remov- 
ed by centrtfugatron (45000 x g for 15 mm) and the cytosohc proteins 
contained m the supernatant were prectpttated by 40@/0 saturated 
(NH&S04 (O’C, sedlmentatron for 3 h followed by centrtfugatton at 
45000 x g for 10 mm) The pellet was resuspended m a mmtmal 
volume of solutton C. A second prectpttatton was stmrlarly perform- 
ed The ammomum sulfate precipitates were then etther chroma- 
tographrcally adsorbed on hydroxyapattte or onto an immunoaffmrty 
support matrix A 20 ml column of hydroxyapattte (Serva, 
Hetdelberg) was loaded wtth the extract (10 mg of protein). Three 
fractions were eluted with 50, 100 and 200 mM phosphate buffer (pH 
7 4). The rmmunoglobuhn fractton from a rabbtt hypenmmune 
serum (L6) against bovme arrestm (purtfied as descrrbed in [17]) was 
coupled to cyanogen bromtde-acttvated agarose beads (CNBr- 
activated Sepharose, Pharmacra) according to the recommendattons 
of the manufacturer (7 mg of rmmunoglobuhns per ml of beads). The 
solutton (30 mg of protein) was passed through a 5 ml column of an- 
ttbody beads wtth a flow rate of 10 ml/h After washing wrth 10 mM 
phosphate buffer, the protems retained by the beads were eluted wrth 
a 200 mM glycme-HCI buffer, pH 2.5 at 4°C and the eluate was tm- 
mediately neutrahzed by ad&non of 2 M Trrs, 1 M KHzP04 solutton 
m the tubes Effluents were collected as 1 ml fractions 
2 3 Immunoassays 
The monoclonal anttbodres used m thts study have been produced 
by hybrtdomas from fusion of spleen cells from a BALB/c mouse tm- 
munized wtth purified bovine arrestm and NS-1 myeloma cells [18] 
Mapping of anttbody epttopes on the ammo actd sequence of the pro- 
tem have allowed locatron of the sites recognized by the monoclonal 
antrbodtes S2D2, S6H8, S7D6, S8D8, S8Dl m the N-terminal region 
and the epitopes correspondmg to the antrbodtes S9E2, SlA3, SlOH9 
m the C-terminus (Mtrshaht, M. et al and Sttemer, R et al., m 
preparatton) Anttsera were raised m rabbits and rats tmmumzed wrth 
native bovine arrestm, and m rats tmmumzed with the synthettc pep- 
tide M (sequence of ammo acrds 303-320 of the protem) m Freund’s 
adluvant. 
ELISA 96-well mrcroplates were coated with protein soluttons 
((NH&SO.+ precipitates or undduted chromatographtc fractions) 
Plates were incubated wrth the rat or rabbit polyclonal or mouse 
monoclonal anttbodtes (diluted m PBS contammg l”/o BSA and 
0.05% Tween 20) then with btotmylated goat anttbody agamst tm- 
munoglobuhns of the correspondmg spectes, followed by strepta- 
vtdm-btotmylated horseradish peroxtdase complex (Amersham, 
England). o-Phenylenedramme-H202 was used as peroxtdase 
substrate. 
For SDS-PAGE, the rmmunoreacttve fractions were pooled and 
concentrated by a two-step ftltratton procedure using first Ultrafree 
30K filter (Mtlhpore, Bedford, USA), and then mtcroconcentrator 
Centrrcon filter (Amrcon, Danvers, USA). Proteins were separated 
on 7.5% acrylamtde gels and electrotransferred to PVDF membranes 
(Immobtlon, Mrlhpore, Bedford) Non-specific sttes were blocked 
with 7 5% fat-free dry mrlk m PBS for 4 h. Immunoreactrons were 
performed m a Mmtblotter 25 (Immunetics, Cambridge, USA) using 
the same prrmary antibodies and btotme-streptavtdm reagents as for 
ELISA 4-Chloro-l-naphthol was used to visualize the complexes. 
3. RESULTS 
The various polyclonal and monoclonal antibodies to 
arrestin slightly reacted in ELISA with (NH&S04 
precipitated cytosolic extracts of trout and turkey 
erythrocytes. 
To increase the concentration of the immunoreactive 
protein(s) ammonium sulfate precipitates were chroma- 
q Protems (OD 280 nrn) ELISA (OD 490 nm) 
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Ftg 1 Immunoaffmrty fracttonatton of soluble cytosohc proteins 
from trout erythrocytes on a column of rabbtt antrbody (L6) to 
bovine retmal arrestm coupled to CNBr-activated Sepharose. The 
fracttons eluted wtth glycme-HCl buffer (arrow) posmvely react m 
ELISA wtth the anttbodtes to arrestm 
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t~graphi~ly adsurhed onto hydr~~apatite or cm0 an 
immu~oaf~~ty support matrix using a rabbit antibody 
to bovine retinal arrestin. Fig.1 shows the elution pro- 
file of trout erythrocyte cytosolic extract from the 
immunoaffinity column as tested by F&ISA with 
various antibodies to arrestin. The effluents collected 
during the washing of the column with. the 10 mM 
phosphate-buffers olution (fractions I-3.4) contain- 
ed a large amount of proteins which did nat significant- 
Trout 
Etythtocyte 
1234 5f294 
Winat Trout 
S Antigen Erythrwyt@ 
Fig,Z. 1~~oIa~~ ~~Ie~tjaR of an arrestitl-iike protein in 
trout and turkey erytbrocytes. (a,b) Trout arose cytosohc 
extract: (a) get e~~tr~ho~is of total proteins (Coomassie Mue 
stained) in the hydroxyapatite fraction; (b} immunoblots of the same 
hydroxyapatite fraction using different monoclonal anti-arrestin 
antibodies (to compare with immunoblots of purified arrestin from 
bovine retina). (c) Immunoblots of a hydroxylapatite fraction 
obtained from a turkey erythrocyte cytosolic extract. Monochmaf 
antibodies are indicated by Iaue numbers: antibodies directed at 
epitopes in the N-terminal region of arm&n are 1, 2, 5, 7 (S7D6- 
S2D2. S6H8. SBDt , respectively); those directed at epitopes in the 0 
terminal region are 3, 4, 6 (S9E2, SlA3, SlOH9, respectively. 
In retinal photoreceptors, arrestin pIays a regulatory 
role during ph~t~tr~sduction: it binds to photoexcited 
and phosphoryIat~ rhodopsin and participates in the 
quenching of PDE activation. Two possible modes of 
action of arrestin have been proposed. One is that bin- 
ding of arrest& to phospho~lated rhodopsin inac- 
tivates the receptor through competition with the 
~-subunit of transducin, irn~~ binding of this 
subunit o rhodopsin, thereby quenching its capacity to 
activate PDE ]a]. It is noteworthy that amino acid se- 
quence homohrgies have been found between arrestin 
and the cr-subunit af transducin [19,23]. The second is 
that photoac~~~ted rhodopsin catalyzes the f~~rna~ion 
of an activated form of arrestin which dissociates from 
rhodopsin and then binds to PDE, thereby inhibiting its 
activation [3,24], 
Molecular mass markers are shawn on the left (in thousands). Positive arrestia immunor~a~tivity has, however, 
ly react with a~tib~~. Conversely, the proteins 
retained by the beads and elttted with the acidic gIycine 
buffer (start of ehrtion indicated by the arrow) positive- 
ly reacted with all the tested antibodies directed at 
epitopes in the N-terminal region of the protein, or at 
epitopes in the C-terminal region and with antisera 
against bovine arrestin or directed at the synthetic pep- 
tide M. 
To characterize the reactive protein@}, eluates from 
hydroxyapatite and immuno~ffinity columns were 
tested after rni~~atio~ f the proteins in SDS-PAGE. 
Fig2a shows the total proteins content in the hydrox- 
yapatite fraction obtained from a tro& ~~~~~e 
cytosolic extract, Pigig.2b iffustrates, on the same frac- 
tion after transfer from the SDS gel to PVDF mem- 
brane, the immunological characterization f a protein 
by different morrocional ntibodies to arrestin. Similar- 
ly, fig& i&&rates that in prep~ations from turkey 
erythrocytes, there was a&o a protein irnrn~o~~~ctive 
with antibodies to arrestin. Clearly all the monoclonaf 
antibodies pecifically recognize a polypeptide with a 
molecular weight similar to that of arrestin. The ap- 
parent molecular mass of the i~u~ureactive protein 
was little lower than 4 kDa in trout e~~r~~es 
and sIightiy higher in turkey e~hr~~~_ It is note&or- 
thy that an imm~~oreactive protein was not detected in 
similar extracts of human erythrocytes. 
4. DISCUSSION 
Immunoc~~ch~m~c~ methods have aIlowe& the 
characterization f arrestin as an abundant component 
of the cells involved in the reception of light: it has been 
localized in photoreceptor ceils of vertebrates and in- 
ve~ebr~es IS, lO] and in photor~ptor~eriv~ cells of 
the pined gIand [5, I I]. Arrestin has been purified from 
the retina of several mammals fg]. Moreover cDNAs 
coding for this protein have been prepared both from 
bovine [19,20]* human 1211 and murine 1221 retiina nd 
from the rat pineal gland [23]. 
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also been observed on histological sections in cells that 
are not known to be photosensitive: epithelium of the 
choroid plexus of the quail [13] and human medullo- 
blastoma cells [ 141. 
Our experiments show that turkey and trout nuc- 
leated erythrocytes contain a cytosolic protein which is 
similar to retinal arrestin in respect o their electropho- 
retie mobility in SDS-PAGE and their immunoreacti- 
vity with a panel of polyclonal and monoclonal 
antibodies. This panel includes antibodies directed at 3 
different regions of retinal arrestin: highly conserved 
epitopes in the N-terminus, epitopes in the C-terminus, 
and the synthetic peptide M that reproduces a sequence 
of arrestin involved in the production of autoimmune 
uveoretinitis and pinealitis [25]. The fact that this se- 
quence is not frequently encountered in other proteins 
[26] stresses the significant homology between retinal 
arrestin and the arrestin-like protein found in ery- 
throcytes. 
In recent experiments (to be published), we used the 
same procedures of protein fractionation and im- 
munochemical analysis for extracts of several bovine 
organs, i.e. myocardium, liver, kidney, lung paren- 
chyma and cerebellum, compared to the bovine retina 
and pineal gland. The fractions separated from all of 
these tissues reacted in ELISA with antibodies to ar- 
restin, and contained a protein immunoreactive with 
the antibodies on Western blots. This protein displayed 
the same migration pattern in all bovine tissues in- 
cluding the retina, corresponding to a molecular mass 
of 48 kDa. 
One can therefore suggest hat the protein arrestin, 
or the members of a family of structurally related 
arrestin-like proteins, are indeed widely distributed in 
the body, and not restricted to photosensitive organs. 
The fact that arrestin has been initially detected only in 
photoreceptors and in pineal cells is probably due to its 
particularly high concentration in these cells. This 
peculiarity can be related to the great abundance of the 
individual components of the light transduction cas- 
cade, which represent more than 90% of the total pro- 
tein content of the retinal rod outer segment. 
As stressed above, the phototransduction cascade 
has striking similarities to other G-protein-mediated 
transduction systems uch as the adenyl cyclase system. 
Thus it is possible that the adenyl cyclase system also 
has a protein analogous to arrestin, playing a similar 
role in negative regulation. Such a functional analogy 
is supported by a recent finding showing that in 
liposomes, retinal arrestin could bind to the phosphor- 
ylated @-adrenergic receptor and potentiate the desen- 
sitizing effect of PAR phosphorylation [ 121. This fits in 
with the presence of arrestin or arrestin-like proteins in 
cells controlled by an active Badrenergic adenyl cyclase 
transduction system (nucleated erythrocytes and cells in 
the tested bovine organs), and its absence in cells 
without such a control as human erythrocytes. 
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